Anomalous origin of the right coronary artery from the left coronary sinus is rare but potentially dangerous if any ischemic signs are present. Multiple therapeutic options were advocated so far. We experienced three different situations and surgical approaches to these anomalies, and reviewed retrospectively. For the first case, we made a neo-ostium on the right sinus of Valsalva and anastomosed with the right coronary artery after arteriotomy. For the second and third cases, we applied coronary artery bypasses emergently: patient 2 the gastroepiploic artery during off-pump coronary artery bypass and patient 3 the left internal thoracic artery during surgery for acute aortic dissection. For the better outcomes, it is important to understand anatomic and hemodynamic characteristics of each patient and select the surgical options considering each characteristic.
Background
Anomalous origin of the right coronary artery from the left sinus of Valsalva (ARCA) is a rare congenital anomaly but a common cause of sudden death in the young [1] . It is commonly identified incidentally by angiography, during cardiac operation, or at autopsy [2] . The fact that these patients are usually asymptomatic but could initially present with sudden death can make their management challenging. We report 3 successful surgical outcomes in patients with ARCA in different situations and approaches.
Case presentation
Three Koreans with ARCA who had different characteristics were performed operations in our institute, and the medical records were reviewed retrospectively. The characteristics and operative procedures were described in Table 1 . Two cases (patient 1 and patient 2) were diagnosed preoperatively and one case (patient 3) was identified incidentally during surgery.
Patient 1>
A 39-year-old woman visited out-patient department with exertional chest discomfort for 2 months. Preoperative work-ups including cardiac enzymes, electrocardiogram, nuclear perfusion scan, and echocardiogram were carried out and the results were normal without any ischemic signs. Computed tomography (CT) revealed ARCA ( Figure 1A ). We thought that panic symptoms on physical exertion were caused due to ischemia and decided for a surgical correction. Under cardiopulmonary bypass and cardioplegic arrest, a neo-ostium was created on the right coronary sinus at the nearest site from the right coronary artery (RCA). After that, a right coronary arteriotomy was made on its opposite site. Anastomosis between them was performed ( Figure 2A ). The postoperative course was uneventful and she remains asymptomatic for 22 months.
Patient 2>
A 61-year-old woman was emergently admitted for chest pain and diagnosed with acute myocardial infarction. Cardiac catheterization revealed that patient had triple vessel disease concomitant with ARCA ( Figure 1B) , and chest CT confirmed ARCA. An emergent off-pump coronary artery bypass was performed. The internal thoracic arteries (ITAs) and the right gastroepiploic artery (RGEA) were prepared. Then, the resected right ITA was anastomosed to in situ the left ITA in a "Y" configuration. The distal anastomoses were constructed in the following sequence: the distal left ITA to the left anterior descending artery (LAD) and the right ITA to the two obtuse marginal branches sequentially. Subsequently, the distal RCA was revascularized with the in situ RGEA ( Figure 2B ). The postoperative course was uneventful, and she remains asymptomatic for 14 months.
Patient 3>
A 44-year-old man was emergently admitted for intractable chest pain. He had suffered from intermittent chest pain for several months. Echocardiogram revealed hypokinesia in the territory of the RCA. Subsequent cardiac catheterization revealed that there were no significant lesions on the left coronary systems, but the RCA ostium was invisible. Also it showed collateral circulation to the distal RCA via septal branches of LAD ( Figure 1C ). Additional aortography showed a contrast filling to false lumen via an intimal tear. Transesophageal echocardiography and chest CT confirmed acute type A aortic dissection, and he underwent emergent surgery. During the surgery, ARCA with slit-like ostium was incidentally detected. The ascending aorta and part of the aortic arch were replaced, and the RCA was bypassed by the left ITA with proximal ligation ( Figure 2C ). The postoperative course was uneventful, and he remains asymptomatic for 6 months.
Although difficult to estimate the exact prevalence, published data suggest that the incidence of anomalous origin of the coronary artery from opposite sinus (AOCA) may be around 0.1~0.3% up to 1.07%. ARCA is estimated to be six to ten times more common than anomalous origin of the left coronary artery (ALCA) [1, 3] .
Patients are usually asymptomatic. However, it could cause exertional syncope, angina, palpitations, and even sudden cardiac death (SCD) [4] . Thus, AOCA has concluded that it is a potentially dangerous anomaly and should be considered to apply aggressive treatment if patients have any ischemic signs [3, 5] . It has been described that SCD in ALCA happens more common than ARCA [3] . However, we believe that physicians can encounter major adverse cardiac events happening within ARCA patients more frequently than ALCA patients since there are more absolute number of cases of ARCA than ALCA. The diagnosing ARCA is often made incidentally, because many tests including physical exam, ECG and exercise stress testing are generally unremarkable for diagnosis of ARCA [4] . In a review of the literature by Basso and colleagues, they concluded that many tests including 12-lead ECG, maximal effort stress ECG, and myocardial perfusion scintigraphy would be unlikely to provide clinical evidence of myocardial ischemia and would be unreliable for clinical recognition of these anomalies. They also mentioned that premonitory symptoms including syncope or chest pain occurred not uncommonly in about one third shortly before sudden death [4] . In patient 1, we thought that panic symptoms on physical exertion were caused due to ischemia and decided for a surgical correction despite of negative functional tests. Fortunately, recently multi-detector CT scanners provide excellent spatial resolution allowing visualization of the coronary anatomy, all coronary artery anomalies become easy to diagnose [6] . We believe that much more AOCA cases could be detected faster and easier than ever after using a multidetector CT scanner as a diagnosing tool. Also, magnetic resonance angiography can be used to identify anomalous vessels [3] . However, when emergency surgery is required, it is difficult to perform multi-detector CT scanner or magnetic resonance angiography in all patients because of unstable hemodynamics and the time required for the scan [7] . In our cases, multi-detector CT scanner or magnetic resonance angiography could not be performed because of an emergency situation and unstable hemodynamics in patient 2 and because ARCA was incidentally diagnosed during surgery in patient 3.
Ultimately, it is important to understand the pathophysiology of AOCA treatment to manage this condition effectively. The proposed mechanisms include slit-like ostium, acute angulation, impinged or spastic intramural proximal portion, and flattening of the interarterial segment from compression between the great vessels [2, 8, 9] .
Multiple therapeutic options have been suggested. According to medical journals, some authors described some efficacy of medical therapy with nitrates, calcium or β-blockade, or anti-arrythmic drugs [2, 10] . However, for AOCA, original problem of this condition cannot be possibly corrected by medication. Therefore, we are suggesting that this issue deserves consideration. Percutaneous coronary angioplasty has also been advocated by some physicians and reported feasible short-term results [11, 12] . However, in our opinions, these reports have failed to establish a widely accepted consensus due to its rareness and no long-term results. Furthermore, this cannot effectively treat ostial issues that might be present, and leaves a long stent length that could be prone to late occlusion even with drug-eluting stent [13] . If it would show superior or equal advantages to surgical correction from long-term results, it might be a feasible strategy.
Multiple surgical options were advocated including coronary artery bypass (CABG), coronary reimplantation, pulmonary artery translocation, neo-ostium formation, and unroofing of the intramural segment [14] . Surgical strategy of choice for ARCA is quite controversial. Coronary reimplantation is one of the most physiologically beneficial procedures, but is technically difficult, and stenosis may occur at the anastomotic site. CABG is technically feasible, but the arterial conduit has a competitive flow problem if no stenotic lesions are present on the natural coronary artery. Also, a vein conduit may be problematic if the patient is young because of long-term patency. Some authors reported that favorable results were achieved with unroofing procedures [15] . However, it may cause valve Post-operative contrast-enhanced CT scan shows the anomalous RCA shared the same sinus with the left coronary system (white asterisk), with its attenuated proximal portion passing between the aorta and pulmonary trunk in patient 2. This image also shows that RGEA was bypassed to the distal RCA. (C) Post-operative three-dimensional volume rendering of contrast-enhanced CT scan in patient 3. Chest CT scan revealed that the ascending aorta and part of the aortic arch were replaced with a prosthetic graft, and that the innominate artery was bypassed using a side-arm branch. Also the left internal thoracic artery to the proximal right coronary artery bypass was patent. (CT: computed tomography; AO: aorta; LMC: left main coronary artery; PA: pulmonary artery; RCA: right coronary artery; LITA: right internal thoracic artery; RGEA: right gastroepiploic artery).
insufficiency if the anomalous coronary artery is located under the valve commissure [9] .
In our cases, the most interesting point is that each patient was placed in different situations.
In case of patient 2, the most interesting point is about graft selection for the RCA. The ideal bypass conduit in RCA system remains controversial, especially after bilateral ITA would be used up for the left coronary artery system. We selected RGEA because the arterial conduit may be expected to have a long-term patency compared to the vein graft because of high grade stenosis. To the best of our knowledge, this report is the first to describe in situ RGEA to RCA bypass in a case of ARCA. However, a longer follow-up period should be required to evaluate a long-term patency.
In case of patient 3, ARCA was incidentally diagnosed during surgery. If not recognized right after preoperative evaluations, it could result in serious complications perioperatively. Firstly, ARCA could be injured iatrogenically due to its abnormal course and position. So when incidentally detected in the operative field, careful dissection and suture are essential to avoid iatrogenic injury. Secondly, it could be a matter how to achieve appropriate myocardial protection. When a patient has a slit-like or flap-like opening, cardioplegia could not be delivered effectively by direct cannulation of the coronary ostium, which could result in inadequate myocardial protection. In this situation, retrograde cardioplegia delivery would be an alternative strategy. In our case, we could not deliver direct antegrade cardioplegia through the RCA ostium because of its slit-like opening and suspiciously proximal stenosis of the RCA on preoperative angiogram. We carefully dissected the aortic root and the proximal RCA. After the RCA was ligated and divided at the level of its origin, a coronary probe was passed into the RCA to confirm patency. Then antegrade cardioplegia was infused into the RCA using a small cannula.
Conclusions
ARCA is a potentially dangerous anomaly and should treat aggressively if any ischemic signs are present and surgery is a treatment of choice for ARCA. For the better outcomes, it is important to understand anatomic and hemodynamic characteristics of each patient and appropriately select the surgical options considering each characteristic.
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